The effect of several storage and handling treatments on the vase life of cut 'Renaissance Red' poinsettia (Euphorbia pulcherrima) stems was investigated. Removing all foliage increased vase life and delayed cyathia abscission. Stems with 100% of foliage (9 to 11 leaves) had fewer days to first abscised leaf than stems with 50% foliage (5 leaves) remaining. Allowing cut stems to dehydrate for 24 h at 20 o C caused the inflorescences to wilt severely and allowed them to be more easily packed in a box. However, wilting reduced vase life and hastened leaf abscission, but had no effect on cyathia abscission. o C long term storage had no effect on vase life or days to first cyathia or leaf abscission.
INTRODUCTION
The vase life of cut 'Renaissance Red' poinsettia stems was at least 20.6 days when harvested with 1 or 2 cyathia showing anthers and placed directly into vases with 22 o C deionized water plus 200 mg⋅l -1 8-HQS (Dole et al., in press ). Cut stems could be harvested up to 4 weeks after anthesis with no decrease in postharvest life or effect on days to first abscised leaf, minimizing the need to cold-store stems if too many stems were available for harvest at once. However, delayed harvest increased cyathia abscission on the stems and because cyathia are normally a beneficial aesthetic feature of the poinsettia inflorescence indicating freshness, harvest near anthesis date would be preferable to provide the best initial presentation.
Pretreatments immediately after harvest using floral solution heated to 38 or 100 o C, 1 or 10-min. dips in isopropyl alcohol, or 1-MCP, had no effect, whereas 24 h in 10% sucrose shortened vase life and time to first abscised cyathium (Dole et al., in press; Leonard et al., 2000) . Recutting stems every 3 days and placing stems in deionized water plus 200 mg⋅l -1 8-HQS increased vase life and delayed leaf abscission, compared with placing stems in deionized or tap water only. Placing cut stems in a vase containing floral foam decreased time to first abscised leaf compared with no foam but did not effect vase life. A 1 to 2% sucrose concentration in the vase solution produced the longest postharvest life for stems placed in foam but had little effect on stems not placed in foam. A 4% sucrose concentration decreased vase life compared with lower sucrose concentrations regardless of the presence of foam. Commercial floral pretreatments and holding solutions delayed leaf abscission but had no other effect.
Cut poinsettia stems could be stored at 10 o C in floral solution for one week but storage reduced vase life to 11.3 to 14.6 days (Dole et al., in press (Sacalis, 1993) . This special handling relative to most cut flowers, which are shipped and stored at 1 to 5 o C, would increase the cost of cut poinsettia stems and might limit their importation or distribution through wholesale flower distributors. However, Staby et al. (1978) noted that potted poinsettias could be stored successfully at 7 o C for durations of 2 days or less and Gordon et al. (1986) stored cut poinsettias at 4 o C for 24 h with no detrimental effect on vase life. Further work is needed to determine if cut poinsettia stems can be held or shipped at 1 to 5 o C for durations of less than 2 days which would allow long distance shipment by air with other non-tropical cut flowers, such as chrysanthemum (Dendranthema) and rose (Rosa).
In addition, low endogenous carbohydrate level resulting from low light during production reportedly promoted cyathium abscission in potted poinsettias (Miller and Heins, 1986) . Because long term storage of cut poinsettia stems must be at 10 o C, a relatively warm storage temperature, the effect of light during storage needs to be determined.
Two additional factors need to be examined. Some florists removed all of the foliage from cut stems with no apparent negative impact (G. Elliot, personal communication). In addition, the large inflorescences prevent the packing of many stems into a box or bucket.
Cut poinsettia stems appear to tolerate wilting and still rehydrate well (Leonard et al., 2000) . The effect of foliage removal and dehydration prior to shipping must be determined.
The objectives of this project were to determine optimum postharvest protocols for Euphorbia pulcherrima 'Renaissance Red', examining foliage removal, dehydration prior to packing, storage temperature and duration, and light level during storage.
MATERIALS AND METHODS

Cut Stem Production
'Renaissance Red' poinsettia plants were received on 17 Sept. already growing in 10-cm pots and pinched 1 day later. Plants were grown under natural long days until 23 Sept. after which artificial long days were provided by night interruption lighting from 2200 to 200 HR. Natural short days were provided commencing 23 Oct. 
⋅s
-1 for 12 h, and relative humidity was 40 to 60%. The following data were measured in each experiment: vase life after removal from harvest (consumer vase life) and days to the first abscised leaf and first abscised cyathium (retail vase life). The consumer vase life was designated as the day a typical consumer would have disposed of the stem which occurred when bracts were wilted or more than 10% discolored. While cut poinsettia stems can be used by florists in arrangements without leaves or cyathia, their presence is an indication of freshness. Thus, days to first leaf or cyathium abscission indicates the retail life of the stem -when a cut stem may no longer be marketable to a wholesaler or retailer. Cyathium and leaf abscission generally occurs prior to stem termination (Dole et al., in press) .
A series of experiments were run, in which flower stems were evaluated for each treatment, with ten replicate stems. Each experiment was a completely randomized design. Data were transformed using the log 10 procedure prior to statistical analysis using the general linear model procedure in SAS (SAS Institute, Cary, N.C.). Means separation was accomplished using Duncan's multiple range test or trend analysis (SAS Institute, Cary, N.C.).
Foliage Removal
After harvest 0, 50, or 100% of the foliage on each stem was removed and each stem was placed directly into glass vases filled with DI water. The 50% and 100% foliage treatments had 5 and 9 to 11 leaves, respectively, remaining on each stem.
Dehydration and Low Temperature Storage
Cut stems were held dry for 0 or 24 h at 20 o C, allowing the inflorescences to wilt severely, and packed in a box lined with plastic sheeting and an inner layer of newspaper. Control stems were packed in a box immediately after harvest resulting in no wilting prior to packing. Stems were stored for 24 h at either 1, 5, or 20 o C. After storage stems were recut (removing 2.5 cm) and placed in vases filled with DI water.
Low Temperature Storage Duration
Cut stems were either packed in a box lined with plastic sheeting and an inner layer of newspaper or placed in sterile plastic buckets filled with DI water and placed in the dark. Stems were stored for 12, 24 or 48 h at either 1 or 5 o C. After storage stems were recut (removing 2.5 cm) and placed in vases filled with DI water.
Storage Light Level
Cut stems were held 0, 2, or 4 weeks in a 10 o C cooler (RH 80 to 90%) in sterile plastic buckets filled with DI water either in the dark or under 71 :mol⋅m -2
⋅s
-1 light for 12 h. The 0 week storage stems were placed directly into vases filled with DI water. After 2 and 4 weeks, ten stems were randomly selected from each treatment, recut (removing 2.5 cm), and placed in vases filled with DI water.
RESULTS AND DISCUSSION
Foliage Removal
Removing all foliage after harvest increased vase life and delayed cyathia abscission (Table 1 ). In contrast, Miller and Heins (1986) noted that removing leaves greatly increased cyathia abscission on potted poinsettia 'Annette Hegg Dark Red' plants. With potted poinsettia plants the roots may be maintain high water status in the bracts, eliminating water stress as a limitation to cyathia life and allowing low carbohydrate stress to become the limiting factor. In addition, the curly bracted 'Renaissance Red' may represent such different genetics that they may not be comparable with traditional flatbract poinsettias such as 'Annette Hegg Dark Red'.
Stems with 9 to 11 leaves had fewer days to first abscised leaf than stems with only 5 leaves remaining. Interestingly, inflorescences without foliage rehydrated rapidly after harvest, such that bracts were noticeably more turgid than those on stems with foliage (personal observation). This difference in turgidity was retained for several days after harvest.
Dehydration and Low Temperature Storage
Allowing cut stems to dehydrate for 24 h at 20 o C caused the inflorescences to wilt severely and allowed them to be more easily packed in a box. However, wilting reduced vase life and hastened leaf abscission (Table 2) , but had no effect on cyathia abscission (data not presented). Miller and Heins (1986) 
Low Temperature Storage Duration
Cut stems tolerated 12 or 24 h dry storage at 1 or 5 o C with no decrease in vase life which averaged 24.5 to 28.2 days in DI water (Table 3) Increasing storage duration decreased the number of days to first leaf and cyathia abscission, regardless of storage conditions (Table 4) . Previous work with 'Renaissance Red' also noted that storage of any duration at 10 o C hastened leaf and cyathia abscission (Dole et al., in press). Thus, storage decreased the retail vase life of cut poinsettias.
While cut 'Renaissance Red' poinsettias can be shipped dry at 1 to 5 o C for up to 24 h, long term storage should be wet at 10 to 15 o C (Dole et al., in press). Many wholesalers and retailers have separate storage areas for tropical flowers, such as Anthurium, Cattleya., and Heliconia, which are typically held at 13 to 15 o C (Sacalis, 1993) . High quality cut poinsettia production, however, is not compatible with tropical cut flower production. Night temperatures above 21 o C delay poinsettia flower initiation and high humidity promotes botrytis (Dole and Wilkins, 1999) . Thus, while poinsettia production and short term shipping and storage up to 24 h is compatible with species such as Rosa and Dendranthema, long term storage of more than 24 h should be with tropical, chilling sensitive cuts.
Storage Light Level
Increasing duration of 10 o C storage reduced vase life and the number of days to first abscised leaf and cyathia (Table 5) . Light had no effect on any measured parameter. Previous work with 10 o C storage produced similar results, but one week of 10 o C was acceptable (Dole et al., in press).
CONCLUSIONS
Cut 'Renaissance Red' poinsettias have a longer retail and consumer vase life without foliage than with the leaves attached. Stems can be more closely packed in boxes if allowed to dehydrate but vase life and days to first abscised leaf will be decreased, reducing retail vase life. Of course, the effect of dehydration may be partially or completely ameliorated by remove the foliage initially, allowing even more stems to be packed in the boxes. Stems can be stored at 1 to 
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